In underwater image capturing, color change and presence of haze are the two sources of distortion. These distortions are caused by light scattering and light attenuation occurred by light traveling in water with different wavelengths. These changes are caused by light incident on objects, reflected and deflected by different particles present in the propagation path before reaching the camera. Thus the images are hazy and have bluish tone. In the present work, haze removing technique proposed to enhance the image and to compensate the other colors which have disappeared. In the present work, the distortion caused by artificial light, haze effect and appearance of bluish tone are compensated. Based on the amount of attenuation corresponding to each wavelength, color change compensation is conducted and color balance is restored. Effect of noise is also reduced by using the spatial filter. Using this technique the visibility and color of the image can be enhanced.
INTRODUCTION
Underwater image capturing is very important for the scientist. Autonomous Underwater Vehicles and Remotely Operated Vehicles are used for taking the images such as underwater mines, shipwrecks, coral reefs, pipelines, ocean engineering, monitoring sea life in the sense of geological and biological interpretation and navigation purpose [1] , [2] , [3] . In underwater environment various hazy images occur, caused by light that is reflected from a surface and is scattered by water particles. Underwater images are dominated by blue color, because of varying degrees of attenuation for different wavelengths i.e. red, green and blue [4] - [6] . This lowers the visibility and contrast.
Because of sand, minerals, plankton in ocean, river and lakes haze occurs. During image capturing, light is reflected from the object propagates towards the camera and in propagation path these particles absorb and scatter the light beam. In the absence of blackbody radiation [7] , the multi-scattering process along the course of propagation further disappear the beam into homogenous background light. There are several techniques targeted on the removal of light scattering - [8] , [9] , [10] . Here visibility increases and contrast enhancement occurs but distortion caused by attenuation, i.e. color change remains present. [11] , [12] and [13] are used for compensation of color but blurriness occurs caused by light scattering. Images collected by image sensors are generally affected by noise and noise in image can be introduced by transmission errors and compression. The problem of image denoising is to recover an image that is cleaner than its noisy observation. Thus, noise reduction is an important technology in underwater image analysis and the first step to be taken before images are analyzed [20] . The proposed algorithm is used to remove distortion caused by light scattering and light attenuation. By using this algorithm, there are no requirements of expensive optical instruments or stereo image pairs.
UNDERWATER MODEL
Underwater image formation model is shown in figure 1 . Here natural light enters from air to an underwater scene point x and light reflected from the object and propagates distance d(x) to the camera. The light reached to the camera is the sum of the background light formed by multi-scattering and the direct transmission of reflected light.
Since water is denser than air, so that when light propagates from air to water, it's some part is reflected back and some part entered the water [12] . The amount of light that enters the water also starts attenuated as going towards more depth in the sea [9] . The water molecules and particles inside the water also absorb certain amount of light [12] . There is also disappear colors one by one depending on the wavelength of the color as shown in figure 2 . The blue color travels the longest in water due to its shortest wavelength. So that underwater images are dominated by blue color. Result, blur images contain low brightness, low contrast and less visibility.
Hazy image formation model gives the simplified equation [15] , [16] :
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Figure 2 Attenuation for different wavelength in water
where x = point in the underwater scene, I λ (x) = image captured by the camera, J λ (x) = scene radiance, t λ = residual energy ratio of J λ (x) after reflecting from point x in the underwater scene and reaching the camera, A λ = homogenous background light, λ = wavelength of light, J λ (x).t λ (x) = decay of scene radiance in the water [17] .
where Nrer(λ) = normalized residual energy = ratio of residual to initial energy for every unit of distance propagated, β(λ) = medium extinction coefficient [16] . This is affected by wavelength, salinity and concentration of phytoplankton [18] . For every meter most clear ocean water the value of Nrer(λ) is 0.8 to 0.85 when λ is 650µm to 750µm, 0.93 to 0.97 when λ is 490µm to550µm and 0.95 to .99 when λ is 400µm to 490µm.
METHODOLOGY
The proposed algorithm is shown in flow diagram figure 3. Here, suppose the artificial light L is present and aim is to remove the light scattering and color change that occurred along the propagation path d(x) from the object to the camera and after that compensation of the distortion caused by wavelength attenuation for traversing the water depth 'D' i.e. surface of the water to the top of the image. Now equation (1) can be written as energy model as follows:
Here the color change occurs not only along the object camera route but also along the surface object propagation path. Once the scene depth, i.e. object camera distance d(x) is known through the "dark channel prior". The value Nrer(λ)
d(x) can be calculated.
Thus and color change, from point x illuminated by airlight, is determined [19] .
The artificial light source L is provided to compensate insufficient lighting under the water. The luminance contributed by the artificial light source has to be removed before the dehazing and color compensation. When considering artificial light the equation becomes: There is a relation between haze and distance, i.e. more distant objects are more hazier [14] . So, evaluating the amount of haze in a single image is sufficient to find the distance d(x) [22] . For finding distance d(x), dark channel prior method [9] is used. In most of the non-background light patches Ω(x), where x ϵ Ω(x), on a haze free underwater image, at least one color channel has a very low intensity at some pixels. If no pixels with a very low intensity value can be found in the local patch, which implies the existence of haze. So considering, point x is a part of foreground object then
Here there are put the all known values and get the value of d(x) [9] .
If an artificial light source L is employed during the image capturing process, the effect of artificial light must be deducted first to avoid over-compensation. Its existence can be determined by comparing the difference between mean luminance of foreground and background. Once presence of artificial light source is detected, then it has to be removed. Reflectivity of object can be calculated at all pixels for every wavelength i.e. R, G and B [19] is as shown below:
Compensation of Light Scattering along the Path Object and Camera:
Now compensation of light scattering term and color compensation as
This result gives the image after compensation of light scattering and bluish tone along the path, object camera distance. Here aim is to calculate the value of
Compensation of Light attenuation along the Path Surface to Object and Denoising of the Enhanced Image
Now there is need of compensation of the attenuation caused by D(x). Let the energy corresponding to R, G, and B channels above the water surface is 
This is the result after haze removal and calibration of color change. However, the water depths at top and bottom of the scene are not same always, so that it has to be compensate the color change at entire range R of image. So there is to calculate depth for each point in the image is necessary. Using linear interpolation method D(x) can be calculated:
where D = incident light traverses from the surface of water reaching the image, R = range of water depth covered in the image, pixel x, top and bottom background pixels are located on scan line a x, b and c respectively.
Once D(x) is derived then it gives the exact value as using the given equation:
Here the basic approach of image denoising method is applied. So there is the spatial filter for image denoising is used. When image is passed through the filter, it gives the clearer underwater image. By using this method the effect of noise can be decreases and increase the signal to noise ratio and give the better quality with respect to other method.
EXPERIMENTAL RESULT AND DISCUSSION
The performance of the proposed algorithm is evaluated both objectively and subjectively. Both results show the superior haze removing and color balancing capability. This algorithm enhances the visibility, bluish tone, and contrast of the image as shown in figure 4, figure 5 , and figure 6. By using this algorithm the signal to noise ratio of the image can be increases. Table 1 , shows the variation of the signal to noise ratio. Here the improvement of signal to noise ratio can be seen in the figures which is given below i.e. figure 4, figure 5 and figure6. Figure 4 , figure 5 and figure 6 show the comparison between the dark channel prior method and the proposed algorithm. When dark channel prior method is used, it increases the contrast of the image but bluish tone remains present. Here by using the proposed algorithm, processed image is clear. Figure 4 show the effect of artificial light is balanced and clear. Here the effect of haze, Bluish tone affect and the effect of noise, which is produced in image acquiring, are decrease more. These images look like as it is not an underwater image. 
CONCLUSION
The proposed algorithm is effectively suitable for restoration of better quality of underwater image. By using this algorithm, haze, bluish tone and the effect of noise can be reduced. The experimental result shows the clarity, visibility and contrast of the underwater image. The value of extinction coefficient is different for different types of water (lake water, river water, ocean water), because the salinity of water is different. The value of extinction coefficient can vary according to water type. The processed image can vary according to artificial light change and the value of the atmospheric light i.e. weather is cloudy or day or night. This algorithm gives improved underwater image.
FUTURE WORK
It can be applied for video processing in future. Underwater image can be enhanced further to be haze free, color compensated and denoised image. Here the wavelet theory can also be applied for reducing the effect of noise in underwater images.
